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ALTITUDE I N  THE REGION O F  THE SOUTH A T L m I C  

MAGMETIC ANOMALY 

g! Y 

CB (Obnaruxheniye bnutrennego rad ia t s ionnogo poyasa n a  vysote  

320 k m  v rayone yuxhno-atlantichesoy raagnitnoy anomali i  ) 
f z 
Q s: 
m 
0 
x 

by S ,  PI. Vernov, Kemb.-corresp, 

I ,  A.  Savenko, P. I. Shavrin 

' 
u '. 140, WO. 5,pp. 1041-1044, 

1okl.A. N. SSSR, *) 
(1c USSR Aceof SC. 

2 z ioskva, 11 October 1961 & N. F. Pisarenko,  - 
Z09 WdOJ A11713VJ 

The presence of  magnetic anomalies a t  t h e  su r face  of the  

Ea r th  may s u b s t a n t i a l l y  in f luence  the  d i s p o s i t i o n  of r a d i a t i o n  b e l t s  

[l], 
with abnormally s m a l l  value o f  magnetic f i e l d  i n t e n s i t y  

It may be as low as 0.25oersted a t  c e r t a i n  a r e a s  of t he  B r a z i l i a n  

c o a s t l i n e .  Thus, one may expect  t h a t  t h e  boundary of  t h e  i n n e r  r ad ia -  

t i o n  b e l t  over  t he  South A t l a n t i c  is s i t u a t e d  a t  s u b s t a n t i a l l y  lower 

z l t i t u d e s . t h a n  i n  o t h e r  reg ions  [2]. A n  increased  r a d i a t i o n  i n t e n s i t y  

w a s  r e g i s t e r e d  by the rad iometr ic  devices  i n s t a l l e d  aboard t h e  second 

Sov ie t  s p a c e s h i p - s a t e l l i t e  during its f l i g h t  above t h e  regions of t h e  

South A t l a n t i c  magnetic anomaly. A gas-discharge counter  STS-5, and 

a s c i n t i l l a t i o n  counter  (FEU-16 with a sodium iod ide  c r y s t a l  with a 

c y l i n d r i c  shape,  1 4  ~ l z ~ n  high and 30 mm i n  diameter)  were l o c a t e d  i n s i -  

de t h e  s p a c e s h i p - s a t e l l i t e .  The s c i n t i l l a t i o n  counter  r e g i s t e r e d  par- 

t i c l e s  with a 25 keV th resho ld ,  and the  aggregate energy l i b e r a t i o n  

i n  the  I T d ( T 1 )  by t h e  FEU'S anode cu r ren t .  From the  counters  t h e  i n -  

formation en te red  every t h r e e  d n u t e s  i n t o  a 24-hour capac i ty  memory 

device .  The process ing  o f  t h e  'obtained d a t a  allowed t o  e s t a b l i s h  

t h a t  t h e  s p a c e c r a f t  crossed a reas  with an increased  r a d i a t i o n  in t en -  

s i t y  i n  a s e r i e s  of reg ions  of t he  t e r r e s t r i a l  globe through which 

i t  moved, 

*) also published i n  ISZ (US), V. 10, PP. 40-44, 1961, 

There is i n  the southern p a r t  o f  t he  A t l a n t i c  Ocean a reg ion  
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Fig. 2. D a t a  obtained with 
t h e  gas-discharge and t h e  
s c i n t i l l a t i o n  counters  f o r  
a s e c t i o n  o f  t h e  t r a j e c t o r y  
o f  t h e  s p a c e c r a f t  over t h e  
South At l an t i c .  

I.- Energy l i b e r a t i o n  i n  
the  crystal .  of  t he  
s c i n t i l l a t i o n  count e r 

s c i n t i l l a t i o n  counter  

gas-dis charge counter  

1V.-'Rktio between the two 
count ing r a t e s .  

The number of  p o i n t s  i n d i -  
ca ted  on Fig.  1 a r e  marked 
o f f  on the  a b s c i s s a  axis. 

11.- Counting r a t e  of t he  

111.- Counting r a t e  of t he  

STS - 5 

It has been pointed out  i n  r e fe rence  

[ 3 ]  t h a t  all these  a reas  a r e  l i n k e d  wi th  

t h e  E a r t h ' s  o u t e r  r a d i a t i o n  b e l t  . The 

reg ion  of t h e  nega t ive  magnetic anomaly 

a t  the  B r a z i l i a n  coas t  c o n s t i t u t e d  t h e  

only  except ion.  Because o f  i ts geographic 

p o s i t i o n  a t  s m a l l  geomagnetic l a t i t u d e s ,  

t h i ,  region could not  be r e l a t e d  t o  t h e  

o u t e r  r a d i a t i o n  b e l t  , Besides ,  i t  d i f f e r s  

from the  o t h e r  regions by a comparatively 

high count ing r a t e  o f  t ye  gas-discharge 

counter ,  which a t t e s t s  about t he  presence 

i n  the  r a d i a t i o n  o f  a notab le  number of 

p e n e t r a t i n g  charged p a r t i c l e s ,  

The p o i n t s  where the  gas-discharge 

coun te r ' s  count ing r a t e  exceeded 3.6 pulse/ 
cm2 -BSOC. a r e  i nd ica t ed  by c i r c l e s  on t h e  

map i n  Figure 1. (The convesrion of t h e  

counter ' s  reading  t o  1 cm was e f f e c t e d  

i n  the  a s s m p t i o n  of r e g i s t e r e d  r a d i a t i o n ' s  

isotropisrn) .  It r e s u l t e d ,  t h a t  all such 

p o i n t s  were concentrated i n  t h e  southern  

p a r t  of t he  A t l a n t i c  Ocean, and t h a t  t h e  

count ing r a t e  of t h e  gas-discharge counter  

d i d  no t  exceed 3.6 pulse/cm2 -sec at any 

o t h e r  s p o t  of  t he  t e r r e s t r i a l  globe. 

I s o c l i n e s  f o r  a s e r i e s  of  angles  o f  i n c l i -  

n a t i o n ,  and s e v e r a l  l i n e s  of equal  i n t e n -  

s i t y  of the  Ea r th  magnetic f i e l d  B ,  a r e  

IXlso p l o t t e d  on the  same map. 

The conparison of  all counters '  i n d i c a t i o n s  i n  t h e  South A t l a n t i c  

with those of o t h e r  regions of  t he  globe may be made wi th  the  h e l p  o f  
t h e  graph on Figure  2 ,  and o f  Table 1, 



A unique p o i n t  numbering w a s  used i n  Fig.  1, Fig ,  2 ,  and Table 1, 

where measurements of t h e  count ing r a t e  and of energy l i b e r a t i o n  

i n  t h e  HaJ(T1) c r y s t a l  were made. The p o i n t s  where the  count ing r a t e  

of t h e  counter  STS-5 w a s  lower t h a t  3.6 p lse/cm2-sec a r e  i n d i c a t e d  

by s t a r l e t s  i n  Figure 1 (only a l i m i t e d  p a r t  of these  p o i n t s  is 
brought f o r t h  i n  t h i s  paper ) .  

P o i n t s  numbers 10 and 22 c o n s t i t u t e  an exception: The gas- 

d i scharge  coun te r ' s  count ing r a t e  t h e r e  though somewhat lower than  

3.6 pulse/cm s e c ,  s t i l l  considerably exceeded the  connt ing r a t e  cha- 

r a c t e r i s t i c  of t he  given magnetic l a t i t u d e  SP(determined according t o  

magnetic i n c l i n a t i o n  angle  8 w i t h  t h e  a i d  of  t he  r e l a t i o n  2 tg 'P= t g 8 ) .  

P o i n t s  with numbers 1 through 1 6  belong t o  the  same convolu- 

t i o n  t r a j e c t o r y  of t he  s p a c e s h i p - s a t e l l i t e ,  and t h a t  is why F ig .2  

r e p r e s e n t s  t h e  s e q u e n t i a l  v a r i a t i o n  of counter  readings when s h i f t i n g  

from polar reg ions  o f  t he  nor thern  hemisphere through the  equator  

and t h e  B r a z l i l i a x i  anomaly i n t o  t h e  p o l a r  reg ion  of  t h e  southern  hemi- 

sphe re  , 
It may be seen from the  d a t a  presented ,  t h a t  t h e  readings of  

all d a t a  senso r s  beyond the  limits. of  t he  anomalous reg ion  i n c r e a s e  

3 t o  4 t imes at pass ing  from t h e  equator ( p o i n t s  numbers 6 through 8,  
and 18 through 21)  t o  p p l a r  l a t i t u d e s  ( p o i n t s  1 through 4 and a l s o  16), 
which is n a t u r a l l y  explained by l a t i t u d e  e f f e c t  of cosmic r ays ,  A t  t he  

same time t h e  gas-discharge counter ' s  count ing r a t e  c o n s t i t u t e s  con- 

s t i t u t e s  15-25 percent  of  t he  s c i n t i l l a t i o n  counter ' s  Gate (with t h e  

except ion of  p o i n t s  3 and 4, i n  which t h e  e f f e c t  of t h e  o u t e r  r a d i a t i o n  

is  being f e l t  [ 3 ] ) .  
Observed- is i n  t h e  anomalous r eg ion ,  beginning at 7' Southern 

magnetic l a t i t u d e  such a r i s e  of counter  readings t h a t  i t  can on ly  be 

explained by t h e  mani fes ta t ion  of the  E a r t h ' s  i n n e r  rzci ia t ion b e l t ,  

I n  the  reg ion  of  low magnetic l a t i t u d e s  ( < 2Ooj )  the  count ing r a t e s  o f  

t h e  gas-discharge and s c i n t i l l a t i o n  counters  a l s o  i n c r e a s e  i n  a s i m i -  

l a r  degree,  s o  t h a t  the  r e l a t i o n  of t hese  r a t e s  is l i t t l e  d i f f e r e n t  

f r o n  20 pe rcen t ,  This  l e a d s  t o  t h e  conclusion t h a t  t h e  count ing r a t e  



TABLE 1 

READINGS OF THE GAS DISCHARGE AND S C I N T I L L A T I O N  COUNTERS AT P O I N T S  

INDICATED ON THE MA0 , F I G ,  1 

Por t ion  of t h e  t r a j e c t o r y  
c ros s ing  t h e  anomalous reg. 

I 

Po r t ion  o f . t h e  t r a j e c t o r y  no t  
i n t e r s e c t i n g  the  anomalous reg. 

I 

i n c r e a s e  i n  t h e  anomalous region wi th in  the  i n d i c a t e d  l a t i t u d e s  is 

b a s i c a l l y  determined by protons.  With t h e  inc rease  of  t h e  magnetic 

l a t i t u d e  t h e  count ing r a t e  o f  t h e  s c i n t i l l a t i o n  counter  N1 s h a r p l y  

i n c r e a s e s ,  while t h a t  of  t he  gas-discharge counter  falls as an ave- 

rage, s o  t h a t  t he  r e l a t i o n  N2/ Nl decreases  t o  1.6 percent  (po in t  1 2 ) .  

This  imp l i e s  t h a t  i n  t h e  s e c t o r  of t h e  anomalous r eg ion ,  s i t u a t e d  t o  

t h e  sou th  of t h e  20th degree o f  magnetic l a t i t u d e ,  X-ray ( roentgen)  

brehmstrahlung from e l e c t r o n s  of  t he  i n n e r  r a d i a t i o n  b e l t  is c l e a r l y  

revea led ,  while t h e  i n t e n s i t y  of t h e  proton component drops. A t  po in t s  

t o  t h e  sou th  of 400 s o u t e r n  magnetic La t i tude  ( p o i n t s  1 4 ,  15, 2 7 )  
t h e  STS-5 coun te r*s  count ing r a t e  may be e n t i r e l y  ascr ibed  t o  the 



6 .  

combined a c t i o n  of  t h e  primary cosmic and the  X-ray brehmstrahlungs,  

i f  we assume t h a t  the  e f f e c t i v e n e s s  of  t he  gas-discharge counter  STS-5 

t o  X-ray quanta c o n e : i t u t e s  0.5 percent  or more, Accounting f o r  t h e  

geographic s i t u a t i n n ,  t h i s  circumstance permits  us  t:, r e l a t e  t h e  i n d i -  

caged p o i n t s  t o  the  o u t e r  r a d i a t i o n  b e l t ,  

The conclusions which may d r a m  on the  b a s i s  of t he  above- 

descr ibed  f a c t s  and thoughts ,  amount t o  the  fo l lowing :  

1,-The inc reased  r a d i a t i o n  i n t e n s i t y  de t ec t ed  by us  dur ing  

t h e  f l i g h t s  of  t h e  second Sov ie t  s p a c e s h i p - s a t e l l i t e  at  320 k m  &ti- 
tude over  t h e  reg ion  o f  t h e  B r a z i l i a n  magnetic anomaly is dependent 

upon the  i n n e r  r a d i a t i o n  b e l t  of t h e  Ea r th ,  To the  no r th  of  t he  geo- 

magnetic equator  t he  i n n e r  b e l t  is no t  ev ident  at such a l t i t u d e s ,  

inasmuch as the  magnetic f i e l d  i n t e n s i t y ,  and consequently t h a t  of  

t he  p o i n t s '  s p e c u l a r  r e f l e c t i o n ,  a r e  disposed h ighe r  than  i n  t h e  anoma- 

l o u s  region.  

2.- The proton component of the  i n n e r  r a d i a t i o n  b e l t  predomi- 

n a t e s  at low geomagnetic l a t i t u d e s  of t he  anomalous reg ion ,  A s  t he  

l a t i t u d e  i n c r e a s e s ,  t he  i n t e n s i t y  of X-ray r a d i a t i o n ,  appearing a t  

e l e c t r o n  d e c e l e r a t i o n  i n  t h e  spacesh ip ' s  ca s ing ,  i nc reases  also. 

A t  t h e  same time the  i n t e n s i t y  of  t h e  proton component decreases ,  

3 , -  The o u t e r  r a d i a t i o n  b e l t  appears a t  magnetic l a t i t u d e s  

above 400, 
4.- There e x i s t s  a t r a n s i t i o n  reg ion  between t h e  o u t e r  and t h e  

i n n e r  radiations b e l t s ,  i n  which the  brehmstrahlung i n t e n s i t y  is respec- 

t i v e l y  2 and 4 times lower than  i n  the  m a x i m a  of i n t e n s i t y  of t h e  i n n e r  

and o u t e r  r a d i a t i o n  b e l t s  a t  the  given a l t i t u d e .  

5.- The gap between the  i n n e r  and the  o u t e r  r a d i a t i o n  b e l t s ,  

s o  c l e a r l y  revea led  i n  t h e  nor thern  hemisphere dur ing  the  f l i g h t s  of  

t h e  t h i r d  Sov ie t  s p a c e s h i p - s a t e l l i t e  e41, is p r a c t i c a l l y  absent  i n  t h e  

reg ion  o f  t he  B r a z i l i a n  anomaly. This  experimental  f a c t ,  t oge the r  with 

t h e  d a t a  on the  magnitude o f  t he  gap i n  the  nor thern  hemisphere and 



1 
n e a r  t h e  equator  [GI, may t h r o w  l i g h t  on the  o r i g i n  of  t h e  Ea r th ' s  

o u t e r  r a d i a t i o n  b e l t .  
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